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ABSTRACT 

W e  have determined t h e  smallest d e t e c t a b l e  e lements  of 

magnetic f l u x  by fo l lowing  elements  i n  t h e  p rocess  of 

c a n c e l l a t i o n  wi th  elements  of o p p o s i t e  p o l a r i t y .  The l a s t  

remaining v i s i b l e  segment of magnetic f i e l d  of a c a n c e l l i n g  

feature can be used t o  i n f e r  t h e  t o t a l  magnetic f l u x  and t h e  

possible s i z e  occupied by small f l u x  elements.  We used both 

photographic  and d i g i t a l  videomagnetograms combining 4096 

Zeeman frames made a t  Big Bear. F i f t e e n  elements  were measured 

near t h e  vanish ing  po in t ,  i n  a 2-8 hour period. The minimum 

f l u x e s  f a l l  i n  t h e  range of 1 . 0  x 1 0 l 6  t o  1.4 x lo1’ maxwell, 

and t h e  apparent  s i z e  of these elements i s  i n  t h e  range of 1 t o  

9 squa re  a rc  seconds. A smooth decrease w i t h  no evidence of 

q u a n t i z a t i o n  i n  f l u x  o r  s i z e  is  observed. The smallest v i s i b l e  

e lements  of network f i e l d ,  intra-network f i e l d ,  and ephemeral 

r e g i o n s  appear t o  be similar, sugges t ing  t h a t  there  i s  no 

gene r i c  d i f f e r e n c e  between t h e s e  f i e lds .  The p r e s e n t  l i m i t  i s  

s t i l l  in s t rumen ta l ;  e lements  smaller t h a n  1 x 1 0 l 6  would n o t  

have been detected. If t h e  magnetic f i e l d  s t r e n g t h  has  a 

magnitude of k i logauss ,  t he  r e a l  s i z e  of smallest v i s i b l e  

elements i s  about 35 - 1 3 0  k i lometers ,  and i f  t h e  s i z e  i s  300 

km, t h e  f i e l d  s t r e n g t h  is 15 - 200 gauss.  
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INTRODUCTION 

Following t h e  work of S t e n f l o  (1975) and o t h e r s  there  h a s  

been cons ide rab le  i n t e r e s t  i n  t h e  smallest e lements  of magnet ic  

f i e l d  t h a t  might  be found i n  t h e  s o l a r  photosphere. I n  t h e  

quest  fo r  an  o r d e r l y  universe ,  it h a s  been con jec tu red  t h a t  

there i s  a "basic magnetic element" o u t  of which t h e  observed 

f l u x  elements  are  formed. Na tu ra l ly  t h i s  m u s t  refer t o  s t a b l e  

e lements ,  s i n c e  these elements must  form and decay, and du r ing  

t h a t  p rocess  be smaller than  t h e  "basic s ize" .  I n  h i s  review 

of the c h a r a c t e r i s t i c s  of small scale magnetic f i e l d  on t h e  

q u i e t  Sun Harvey (1977) shows examples of t h e  intra-network 

f i e l d s ,  e s t i m a t i n g  t h e i r  f l u x  a t  5 x 10l6 Maxwells. It  i s  no t  

clear i f  Harvey was looking  fo r  t h e  smallest features;  more 

l i k e l y  he  was r e f e r r i n g  t o  t h e  t y p i c a l  intra-network f i e l d s .  

Simon and Zirker (1974) used spec t roscop ic  o b s e r v a t i o n s  t o  f i n d  

minimum f i e l d  s t r e n g t h s  i n  t he  range 1 0 0  gauss  t o  1 0 0 0  gauss,  

and s i z e s  l a r g e r  than  1.5" i n  t h e  chromospheric network. These 

numbers correspond t o  1 0  l8 Mx. Because of time and f i e l d  

l i m i t a t i o n s  they  could not  r e a l l y  search f o r  t h e  "smallest 

elements". I n  t h e  p re sen t  work we have u t i l i z e d  time sequences 

t o  search f o r  and measure f l u x  elements  a t  l ea s t  t e n  times 

smaller, u t i l i z i n g  s h r i n k i n g  s i z e  t o  pick t h e  smallest 

elements. The v ideo  technique  has  t h e  advantage t h a t  (1) if w e  
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observe a n  element s e v e r a l  times w e  know it i s  r e a l  and (2 )  i f  

a n  element is sh r ink ing  or growing w e  have a hope of f i n d i n g  it 

even smaller  t han  i t  is  now. 

The videomagnetograph a t  BBSO was b u i l t  by Smithson and 

Leighton (Smithson, 1972). I n  1979 it was r e b u i l t  w i t h  a 

d i g i t a l  image processor ,  and i n  1981 w e  improved t h e  c a p a b i l i t y  

by i n s t a l l i n g  RCA cameras w i t h  Nuvicon tubes ,  r e p l a c i n g  t h e  KDP 

c r y s t a l ,  and in t roduc ing  computer programs p e r m i t t i n g  t h e  

accumulation of a n  almost un l imi t ed  number of frames. 

In t roduc t ion  of a l a r g e  s t o r a g e  d i s k  p e r m i t t e d  r eco rd ing  

d i g i t a l  images, and t h e  problem of c a l i b r a t i o n  (us ing  solar 

r o t a t i o n  Doppler images) has  been worked o u t  by S h i  and Wang 

(1984) .  I n  p r a c t i c e  up t o  4096 frames are used, r e q u i r i n g  138 

seconds. The long i n t e g r a t i o n  time only s l i g h t l y  degrades 

r e s o l u t i o n ,  because t h e r e  is  a n  enhancement effect  w i t h  

s u p e r p o s i t i o n  of many elements. Under good s e e i n g  c o n d i t i o n s ,  

t h e  s e n s i t i v i t y  of t he  system s t e a d i l y  i n c r e a s e s  w i t h  number of 

frames, and t h e  no i se  l e v e l  of t h e  4096 frame magnetogram is 

around 2 gauss .  So al though there i s  some d i s t o r t i o n  of 

s t r e n g t h  and s i z e ,  t h e  t o t a l  f l u x  is  s t i l l  meaningful. 

Sequences of such s e n s i t i v e  long  i n t e g r a t i o n  videomagnetograms 

show t h a t  t he  c a n c e l l a t i o n  of magnetic f l u x  occur s  f r e q u e n t l y  

on t h e  q u i e t  Sun (Martin 1983, Wang e t  a l .  1984).  As w e  f o l l o w  

t h e  c a n c e l l a t i o n  process ,  we can watch f l u x  e lements  s h r i n k  and 

determine the smallest observable  f l u x  elements. 
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I n  t h i s  paper, w e  measure t h e  magnetic f l u x  of t h e  l a s t  

remaining v i s i b l e  segments of e i g h t  cont inuous ly  sh r ink ing  

magnet ic  f e a t u r e s  which appear cont inuous ly  t o  cancel (by 

reconnect ion  and subsidence,  we assume) w i t h  o t h e r  magnetic 

features of oppos i t e  p o l a r i t y  du r ing  p e r i o d s  of 2-8 hours. 

Although ephemeral r eg ions ,  network, and intra-network r e g i o n s  

show s u c c e s s i v e l y  weaker f i e l d s ,  e lements  of t h e  smallest s i z e  

were found i n  each a s  t h e  magnetic knots  shrank. That t h i s  i s  

not  a q u e s t i o n  of changing VMG s e n s i t i v i t y  is a t tes ted  by t h e  

appearance of cons t an t  or growing f l u x  i n  o t h e r  magnet ic  

e lements ,  and c a l i b r a t i o n  of d i g i t a l  magnetograms a few hours  

a p a r t  . 

THE IDENTIFICATION OF SMALLEST VISIBLE FLUX ELE)IENTS 

Under e x c e l l e n t  s ee ing  cond i t ions  on .4 September 1983, 

2048 and 4096 frame videomagnetograms of t h e  q u i e t  Sun were 

ob ta ined  a t  Big Bear S o l a r  Observatory. S ince  a number of d i s k  

a r e a s  were being s t u d i e d ,  t h e  i n t e r v a l  between frames for  our 

area was t y p i c a l l y  30 minutes. A t  2251 UT and 0027 UT two 

series of d i g i t a l  magnetograms were recorded a n d  c a l i b r a t e d .  

The c a l i b r a t i o n  method has  been described by Sh i  and Wang 

(19841, and i s  c o n s i s t e n t  w i t h i n  5 - 20 %. 

The photographic  and d i g i t a l  magnetograms w i t h  4096 frames 

a t  0027 UT a re  shown i n  F i g u r e s  1 and 2. The numbers 



correspond t o  t h e  elements  enumerated i n  Table I, and 

i l l u s t r a t e d  i n  t h e  o t h e r  f i g u r e s .  The c u r i o u s  appearance of 

t h e  s t ronger  f i e l d s  i s  due t o  a wrap-around procedure  which 

r e v e r s e s  t h e  output  sense  when f i e l d  s t r e n g t h  f i l l s  t h e  

memory. Thus t h e  success ive  b r i g h t n e s s  r e v e r s a l s  a r e  1, 3 ,  5 ,  

etc. times t h e  f i r s t  l e v e l  a t  which dark t u r n s  t o  b r i g h t  or 

v i c e  versa .  We have compared our magnetograms wi th  a K i t t  Peak 

magnetogram taken  e a r l i e r  i n  t h e  day and found them t o  match 

w e l l .  

The da ta  permit u s  t o  detect 9 small ephemeral reg ions ,  

which are  marked by c i rc les  i n  F i g u r e  1. W e  denote  a s  

ephemeral r eg ions  small dipoles more i n t e n s e  than  t h e  

background f i e l d s  which e x h i b i t  r a p i d  growth i n  our sequences. 

Figure 3 shows t h e  t i m e  h i s t o r y  of e lements  1 and 2 i n  

F i g u r e  1. These  a r e  e lements  of magnet ic  f i e l d  of s i g n  

o p p o s i t e  t o  t h e  dominant l o c a l  network which cance l  wi th  t h e  

l a r g e r  network elements. Feature 1 i s  nega t ive  p o l a r i t y  near  a 

p o s i t i v e  p o l a r i t y  network fea ture  which i tself  is  anomalous i n  

our  f i e l d  of gene ra l ly  nega t ive  network. It decreases s t e a d i l y  

f o r  more than  7 hours  a s  it approaches t h e  large network 

element of oppos i t e  p o l a r i t y  t o  i t s  r i g h t ;  t h e  res idua l  fea ture  

st i l l  can be seen i n  t h e  l a s t  frame. Feature 2 a t  t h e  r i g h t  i s  

p o s i t i v e  p o l a r i t y  and goes through t h e  same p rocess  wi th  an 

e l emen t  of t h e  dominant n e g a t i v e  network. S ince  w e  d i d  n o t  see 

t h e i r  ea r ly  h i s t o r y  w e  don ' t  know the i r  o r i g i n ,  b u t  t hey  
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probably are  t h e  remnants of ephemeral regions.  C a l i b r a t e d  

d i g i t a l  magnetograms of these two examples are p l o t t e d  i n  

F igu re  4 and F i g u r e  5 r e spec t ive ly .  The r i g h t  s ides  of these 

f i g u r e s  show a n  en larged  contour map of t h e  smallest v i s i b l e  

feature. The magnetic s t r e n g t h  of each p i x e l  has  been p l o t t e d  

i n  abou t  0 . 5  arc  sec i n t e r v a l s  on t h e  contour map. I n  t h e  

F i g u r e  5 t h e  residual feature  is double on both t h e  2251 and 

0027 frames, even though it i s  s t e a d i l y  decreasing.  

I n  the  l a s t  frame of Figure 3 w e  have enc losed  w i t h i n  a 

c i rc le  a small ephemeral r e g i o n  which grows r a p i d l y  a f t e r  2155. 

I ts  growth shows t h a t  t h e  disappearance of t h e  elements  i n  

Table 1 is n o t  a n  in s t rumen ta l  e f f e c t .  

F igu re  6 shows t h e  evo lu t ion  of element 5 i n  F igu re  1, a n  

example of c a n c e l l a t i o n  involv ing  ephemeral reg ions .  Three 

small ephemeral r eg ions  emerged rather suddenly between t h e  

1754 and 1935 frames. The s t r o n g e s t  i s  marked by s o l i d  l i n e ,  

t h e  o the r  two, which a r e  not  well-defined, are marked by dashed 

l i n e s .  The p o s i t i v e  pole  of t h e  s t r o n g e s t  ephemeral r eg ion  

s t e a d i l y  decreases, apparent ly  c a n c e l l i n g  w i t h  a nearby 

nega t ive  fragment of network f i e l d  and perhaps t h e  o t h e r  

ephemeral regions.  By the  l a s t  frames on ly  a t i n y  pole 

remained. The calibrated data a r e  shown i n  F i g u r e  7. 

Other  t y p e s  of c a n c e l l a t i o n  were a l s o  observed. The 

character is t ics  of a l l  examples found on t h i s  day a r e  g iven  i n  

Tab le  1. W e  adopt  t h e  fol lowing a b b r e v i a t i o n s :  N -- ne t w  or k 
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f i e l d ,  I -- in t ra -ne twork  f i e l d ,  E -- ephemeral reg ion .  I n  t h e  

l a s t  column w e  g i v e  t h e  t o t a l  f l u x  of l a s t  and  smallest v i s i b l e  

features, u s i n g  on ly  p i x e l s  of magnet ic  f i e l d  s t r e n g t h  above 

2.0 gauss.  From t h e  i l l u s t r a t e d  c o n t o u r s  one can see t h a t  

i n c l u d i n g  p o i n t s  of weaker f i e l d  w i l l  on ly  s l i g h t l y  a f fec t  t h e  

t o t a l  f l u x .  
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TABLE 1: EXAMPLES OF SMALLEST VISIBLE MAGNETIC FEATURES 

L------------------------------~--------------------------------------. 

NUMBER TYPE OF FEATURE CLASS OF TIME FOLLOWED FLUX 

CANCELLAT ION MX) 

l a  N N - N  1625 - 0027 1.5 

l b  ' N N - N  1625 - 0027 1.3 

2a N N - N  1625 - 0027 10.0 

2b N N - N  1625 - 0027 1.7 

3a N N - N  1625 - 0027 5.2 

3b N N - N  1625 - 0027 2 . 8  

3c  N N - N  1625 - 0027 2.0 

I 3d N N - N  1625 - 0027 2.4 

4 N N - N  1625 - 0027 13.6 

I 5 E E - N  1935 - 2251 13.0 

I 

, 
I 6a I I - N  1935 - 0027 11 .4  

I 
6b I 

7a I 

I - N  1935 - 0027 1.3 

I - N  2155 - 0027 7 .O 

I 7b I I - N  2155 - 0027 4.8 

8 UNKNOWN UNKNOWN 1935 - 2251 4.5 1 

I We see t h a t  t h e  smallest measured f l u x e s  range from 1 t o  

1 4  x 1 0 l 6  Maxwells, t h e  average value be ing  c lose t o  t h a t  
I 16 mentioned by Harvey (1977).  A number a re  i n  t h e  1-2 x 1 0  

range,  an  o r d e r  of magnitude smaller  t h a n  t h e  " b a s i c  magnet ic  

I 
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u n i t "  d i scussed  by S ten f lo .  Note t h a t  t h e  s i z e  of t h e  smallest 

f e a t u r e s  is  roughly t h e  same f o r  a l l  three classes, so network 

or  ephemeral reg ion  features  can be e q u a l l y  as small a s  

i n t r  a-ne t w  or k . 

DISCUSSION 

I n  any deep magnetogram there are  many small f e a t u r e s  

which may or  may not  be real .  Thei r  r e a l i t y  can normally be 

determined by the i r  s u c c e s s i v e  appearance i n  s e v e r a l  VMG' s. W e  

have r e s t r i c t e d  o u r s e l v e s  t o  features  which can be fo l lowed a s  

they  shrank  for  2 - 8 hours ,  so  w e  are c e r t a i n  t h a t  they  are 

r e a l .  Most of these smallest v i s i b l e  fea tures  a r e  t h e  res idue 

of network elements  and ephemeral reg ions .  Most of t h e  t h e  

s m a l l e s t  features  on our magnetograms a r e  elements  of 

intra-network f i e l d s .  bu t  t h e i r  l i fe t imes are s h o r t ,  abou t  

ha l f  a hour, and we do not  have enough d i g i t a l  records  i n  t h i s  

r u n  t o  t r a c e  t h e i r  f l u x  wi th  c e r t a i n t y .  However, w e  have a 

se r ies  of photographic  videomagnetograms of i n t e r v a l  2 - 1 2  

minutes  just befo re  t h e  t i m e  of each d i g i t a l  record.  These 

convince u s  t h a t  most of t h e  intra-network features  i n  F i g u r e  1 

and  the  contour map i n  F i g u r e  2 are  real  and of t h e  same 

m i n i m u m  f l u x  value.  It is  i n t e r e s t i n g  t o  n o t i c e  t h a t  t h e  

intra-network f i e l d s  appear t o  be more abundant i n  some ce l l s  

than  i n  o the r s .  The t y p i c a l  value of t h e  intra-network 
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features  would a g r e e  w i t h  Harvey's estimate. 

Because t h e  magnetograph is roughly l i n e a r ,  t h e  t o t a l  

measured f l u x  i n  a n  element is  unaffected by see ing ,  excep t  f o r  

t h re shho ld  effects. The measured element s i z e  i s  affected by 

t h e  see ing ,  by t e l e scope  j i t t e r  dur ing  t h e  long  i n t e g r a t i o n ,  

and by t h e  l i m i t e d  r e s o l u t i o n  of the  Nuvicon camera used i n  

these measurements, Each u n i t  i n  F igu re  2 corresponds t o  a 

p i x e l  i n  our d i g i t a l  memory. Since t h e  l i m i t i n g  r e s o l u t i o n  of 

t h e  t e l e s c o p e  is t h e  order  of 0.6 arc  sec, one would expect t h e  

smallest features  t o  be g r e a t e r  than  a n  a r c  second, e s p e c i a l l y  

af ter  averaging  2048 frames. I n  f a c t  there are p l e n t y  of small 

features,  and those  d i scussed  here appear t o  be 1-2 arc  sec 

ac ross .  T h i s  s u g g e s t s  t h a t  they are w e l l  below the  t e l e s c o p i c  

j i t t e r  which is about  1 a r c  sec rms. 

Consider ing t h e  a l l  possible u n c e r t a i n t i e s  and c a l i b r a t i o n  

e r r o r s ,  w e  estimate t h a t  t h e  t o t a l  f l u x  v a l u e s  given a r e  w i t h i n  

a factor of 2 of the  t r u e  value.  

Because t h e  f a d i n g  is a gradual p rocess  it i s  hard  t o  see 

how t h e  elements can be made up of a small number of discrete 

f l u x  tubes.  E i ther  they represent  a continuum, or t hey  are  

made up of a reasonably l a r g e  number, a t  l e a s t  t h e  order  of 1 0 ,  

of discrete elements,  On t h e  other hand it i s  clear t h a t  t h e  

magnetic elements do not  f i l l  t h e  photosphere b u t  make  up 

i s o l a t e d  elements.  The elements a re  simply much weaker than  

previous ly  consider .  W e  cannot say t h a t  t h e  space between i s  
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f i e l d  free.  

The popular concept of elementary f l u x  ropes  i s  grounded 

on t h e  obvious  f i n e  s t ructure  of t h e  solar  f ie lds ,  and any 

magnetogram shows t h a t  t h e  s t r o n g e r  f i e l d s  a r e  h i g h l y  

l o c a l i z e d .  B u t  s i n c e  these f i e l d s  cannot  l i v e  f o r e v e r ,  t hey  

m u s t  a t  some time have been smaller, and w e  can s a t e l y  predict 

they  w i l l  be weaker a g a i n  when they  die  out .  The d u r a t i o n  of 

these dying elements  shows they  are reasonably  stable.  Our 

data te l ls  u s  nothing abou t  t h e  s t ructure  of t h e  larger  

elements, only t h a t  they can s h r i n k  down t o  t h e  smallest 

de t e  c t a  b l  e s i z  e . 

CONCLUSION 

The smallest observable  f l u x  e lements  on t h e  q u i e t  Sun 

f a l l  i n  t h e  range of one t o  s e v e r a l  times 1 0  l6 maxwell. 

Allowing f o r  b l u r r i n g ,  t h e  f i e l d  s t r e n g t h  i n  these e lements  

m u s t  be no more than  a few t e n s  of gauss, or i f  they  c o n t a i n  a 

s i n g l e  i n t ense  f i e l d  element ,  say 500 gauss,  they must be 

smaller than 50 ki lometers .  

Since we have observed them t o  decay smoothly, they  m u s t  

con ta in  a number of such elements,  and probably are  weaker 

s t i l l .  The data a r e  best r e c o n c i l e d  t o  a continuum of magnetic 

features,  rather than discrete elements. 
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No d i f f e r e n c e  i s  found between t h e  smallest d e t e c t a b l e  

e lements  of network, intra-network, or ephemeral reg ion  

f i e l d  elements.  The l i m i t a t i o n  is pure ly  in s t rumen ta l ,  and 

no doubt smaller elements could be detected by a more 

s e n s i t i v e  magnetograph. The d i f f e r e n c e  i n  magnetic f l u x  

among d i f f e r e n t  magnetic f e a t u r e s  measured depended only on 

t h e  s t a g e  i n  t h e  c a n c e l l a t i o n  process.  
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FIGURE CAPTIONS 

Fig. 1. BBSO 4096 frame videomagnetogram of a t y p i c a l  q u i e t  

r eg ion  a t  002720 UT, Sept.  5 ,  1983. The s t r o n g e r  

magnetic features a r e  c h a r a c t e r i z e d  by t h e  saturated 

r i n g s  which are due  t o  a w r a p a r o u n d  procedure i n  frame 

a d d i t i o n  and s u b t r a c t i o n ;  t h e  r e s u l t i n g  con tour s  a re  

odd m u l t i p l e s  of t h e  f i r s t  contour.  The p o l a r i t y  of 

magnetic f i e l d s  a r e  ind ica ted  by t h e  co lo r  of t h e  

outermost p a r t  of magnetic f e a t u r e s  ( w h i t e  p o s i t i v e ,  

black n e g a t i v e ) .  The seven d i sappea r ing  i n  Tab le  1 are 

marked by number. Nine ephemeral a c t i v e  r e g i o n s  a re  

ci  r cled. 

Fig. 2 .  Calibrated d i g i t a l  videomagnetogram of t h e  same f i e l d  

of view and a t  t h e  same t i m e  as  F ig .  1. The lowes t  

contour i s  5 gauss.  The t h i c k e r  l i n e  i s  p o s i t i v e  

p o l a r i t y ,  t h e  t h i n n e r  l i n e  is  nega t ive  p o l a r i t y .  The 

smallest v i s i b l e  magnetic fea tures  a re  i n d i c a t e d  by t h e  

same number a s  i n  F ig .  1. 
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Fig. 3 .  The h i s t o r y  of c a n c e l l i n g  features  1 and 2,  which a re  

marked by open-ended r e c t a n g l e s  and a re  labeled by 1 

and 2. Fea tu re  1 d i r e c t l y  c o l l i d e s  w i t h  a la rge  

p o s i t i v e  network and cont inuous ly  c a n c e l s  w i t h  it. The 

m u t u a l  f l u x  loss is  revea led  by l o s i n g  t h e  saturated 

r i n g s  and decreases i n  t h e  area of both features. 

Fea ture  2 s l ides  around a nega t ive  network and c a n c e l s  

with it. The smallest remaining features  a re  marked by 

arrows. I n  c o n t r a s t  t o  t h e  cont inuous dec rease  of f l u x  

of f e a t u r e s  1 and 2, a small new ephemeral r eg ion  

emerged a f t e r  2155 UT and grew r a p i d l y .  It was 

enclosed w i t h i n  a circle.  

Fig.  4. Contour map of c a n c e l l i n g  feature  1 and i t s  

surroundings.  A window around fea ture  1 is shown on 

t h e  l e f t  s ide and t h e  enlargement of it i s  on t h e  r i g h t  

side. The c a n c e l l a t i o n  p rocess  no t  only reduces t h e  

maximum magnetic f i e l d  s t r e n g t h ,  b u t  a l s o  reduces t h e  

a rea  occupied by t h e  c a n c e l l i n g  magnetic features. 

T h i s  r e v e a l s  t h a t  t h e  m u t u a l  d isappearance of magnet ic  

f l u x  i s  a real  phys ica l  p rocess ,  not  a see ing  effect .  

The d i s t a n c e  between two p i x e l s  i s  less  than  0.5 a rc  

seconds . 
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Fig.  5. Contour map of c a n c e l l i n g  fea ture  2 and i t s  

sur roundings .  The mutual f l u x  l o s s  i s  demonst ra ted  by 

t h e  r e d u c t i o n  of t h e  number of i so-gauss  l i n e s .  The 

g e n e r a l  p a t t e r n  of feature 2 remained a f t e r  t h e  f l u x  I 

decrease . 
Fig. 6.  The e v o l u t i o n  of c a n c e l l i n g  f e a t u r e  5. This  f e a t u r e  i s  

t h e  p o s i t i v e  po le  of a n  ephemeral r e g i o n  which e m e r g e d ,  

a f t e r  1754 UT. I t  was con t inuous ly  d e c r e a s i n g  i n  s i z e  

and strength w h i l e  c a n c e i l i n g  with n e g a t i v e  network or  

o t h e r  ephemeral r eg ion  f e a t u r e s .  A t  0027 UT t h i s  

f e a t u r e  was reduced below t h e  d e t e c t a b l e  l i m i t ,  b u t  i t s  

p o s i t i o n  was s t i l l  marked i n  Fig. 1. 

Fig.  7. The contour  map of c a n c e l l i n g  f e a t u r e  5 and i t s  

sur roundings  a t  t h e  l a s t  f rame (2251) of Fig. 6 .  
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